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[57] ABSTRACT 

A circuit controlling the transmission of information from a 
testing probe to an ICE™ base unit for debugging an 
electronic component having a dedicated bus. The circuit 
comprises a plurality of gate arrays coupled together to 
operate in a pipeline fashion. Each of the plurality of gate 
arrays includes a bus tracking component, a formatting 
component, filtering circuitry and address translation cir- 
cuitry. The bus tracking component monitors the dedicated 
bus and transfers internal command signals to its associated 
formatting component and formatting components of the 
other gate arrays. The formatting component transfers only 
completed data to the ICE™ base unit for tracing. If in 
"Format" mode, the formatting component synchronously 
aligns the completed data and its associated addressing 
information before transferring such information to the 
ICE™ base unit In "Raw" mode, however, information 
from the electronic component is immediately transferred to 
the ICE™ base unit without alignment The filtering cir- 
cuitry enables selective tracing of a type(s) of bus cydc(s) 
by signaling the ICE™ base unit whether or not to trace the 
frame during this particular bus cycle. The address transla- 
tion circuitry calculates various address information 
required by the ICE™ base unit but is not transmitted by the 
electronic component to minimize required operations by 
word recognizers in the ICE™ base unit 

11 Claims, 12 Drawing Sheets 
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APPARATUS AND METHOD FOR termination of the cuncnt bus cycle) and tracing snoop bos 

DEBUGGING ELECTRONIC COMPONENTS cycles to ascertain all activity on the CPU bus. 

THROUGH AN ICE Yet another disadvantage associated with the conven- 

tional testing probe is that it is incapable of outputting 

CROSS-REFERENCES TO RELATED 5 information, particularly data and address, to the ICE™ base 

APPLICATIONS unit in a synchronous manner to increase performance 

This is a §1.60 Continuation application of application efficiency by as much as fifty percent (50%). 

No. 08/575252, filed Dec 20. 1995, which has matured into Another disadvantage is that the conventional testing 

U.S. Pat No. 5,537,536, issued JuL 16, 1996, which is a probe is incapable of generating address information 

§1.62 Continuation application of application No. 08/263, 10 required by the ICE™ base unit in the event that such 

134, filed Jun. 21, 1994, now abandoned. address information is not provided by the CPU. 

Therefore, it is contemplated mat there exists a need for 

BACKGROUND OF THE INVENTION a circuit within the testing probe for enabling a CPU ex 

1. Tne Field of the Invention i5 * * * ^/T^S^f^^A 
^ ^ , 4 AL £1J MHz), reducing complexity of the ICE™ base unit and 
Hie present myenhon relates to the field of integrated eaabl ^ 6 additional functions to be performed. 

circuits. Moreparticularly, the present invention relates to an it fa „ object of me t to 

apparatus and method for debugging an electronic compo- a drcuit fe listing the ICE™ system for debugging 

nent or software executed by the electronic component to pun)0ses . 

correct logical errors or programming errors, respectively. 20 ^ object of the present invention to provide a circuit 

2. Background of Art Related to the Invention which recces the complexity of the ICE™ system and thus, 
For many years, integrated circuit designers and software the complexity of the software controlling the ICE™ sys- 

programmers have used an in-circuit emulator ("ICE™") to tern. 

debug software code or hardware, typically a central pro- it is another object of the present invention to provide a 

cessing unit ( M CPIT) defined herein as an "intelligent" 25 circuit for tracing the CPU bus during a DMA Operation by 

integrated circuit such as a microprocessor, microcontroller an external agent, provided the external agent abides by the 

and the like. The ICE™ is a non-intrusive debugging tool specific protocol of the CPU. 

that uses external hardware to emulate operations of the Another object of the present invention is to allow soft- 
CPU embedded in a target system (le., a product prototype). ware to begin at any location in the trace and start decoding 
As a result certain results (output voltages, contents of M bus 

storage elements, etc.) from the^cperations are traced (Le., Yct object of ^ ^ y. to tra,^ 

recorded) in memory of the ICE™. packets of completed data to the ICE™ base unit for easy 

The external hardware consists of a conventional testing tracing of bus sequences, thereby avoiding errand data from 

probe which latches information from the CPU and directly M bemg sent before completion of a desired bus cycle, 

uploads the information to an ICE™ base unit for storage in fi u ^ ^ &c present to a 

trace memory and later retrieval therefrom for debugging cfrctat which increases the efficiency of the ICE™ base unit 

purposes. Ine c«n^ntional testing probe mdudes a number of me t IMm h t0 ^ a 

of programmableOI^ logic ceU arrays ("LCAs h such a* q ^ m conjun ^ on ^ mc ICE ™ bie unit to 

for example, XC 2000 or 3000 series manufactured by s £1 JU^ 

Xilinx, Inc. of San Jose, Calif, which are electrically 40 5n00p acciviues - 

connected with the CPU mounted on the conventional BRIEF SUMMARY OF THE INVENTION 

testing probe. The CPU is then electrically connecting the ^ ^ ^ me foregoing, it is appreciated that there exists 

target system as if it was embedded in the target system. The a nee( j foj- a circuit and method controlling me transmission 

LCAs are arranged into a circuit for latching information 4J 0 f information from a testing probe to an ICE™ base unit for 

from the CPU and transferring such information to the debug ging an electronic component operating at high fre- 

ICE™ base unit through a communication link. However, quencies. The present invention comprises a plurality of gate 

mis construction affords many disadvantages. arrays coupled together to operate in a pipelined fashion. 

One disadvantage associated with the conventional test- Each of the gate arrays includes a bus tracking component, 

ing probe is that it merely transfers information between the ^ a formatting component, filtering circuitry and address 

CPU and the ICE™ base unit without being able to modi- translation circuitry. 

tying the information in certain situations to reduce com- The bus tracking component of one of the gate arrays 

munication complexity between the LCAs. and the ICE™ monitoring the CPU bus and transfers internal command 

base unit as well as the LCAs themselves. signals to its formatting component as well as those format- 

Another disadvantage associated with the conventional 55 ting components with other gate arrays. These internal 
testing probe is that the LCAs typically can not support command signals provide control information to the format- 
CPUs operating at high frequencies in the range of 65 ting components of each of the gate arrays to indicate when 
mega-hertz ("MHz"). Thus, with advancements in CPU to latch information and/or transfer the information to the 
technology, these conventional testing probes will prohibit ICE™ base unit The bus tracking component comprises 
the ICE™ from debugging these CPUs and perhaps such 60 three state machines. A first state machine generates a first 
software controlling the CPUs. internal command signal "LEADS" indicating that a snoop 

A further disadvantage is that LCAs within the conven- cycle has occurred on the CPU bus. A second and third state 

tional testing probe are incapable of performing a number of machines operate in the alternative to track bus cycles on the 

desired functions, including but not limited to filtering bus CPU bus during non-DMA and DMA operations, respec- 

cycles for selectively tracing a particular type(s) of bus 65 tively. 

cycle(s), eliminating storage of unnecessary information in The formatting component transfers only completed data 

the ICE™ base unit (typically due to wait states and/or to the ICE™ base unit for tracking sequences. In Format 
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mode, the formatting component synchronously aligns the FIG. 6 is a circuit diagram of the formatting controller of 

completed data and its associated addressing information the formatting component 

before transtoing such information to thelCB™ base unit FIG. 7 is a timing diagram of trace signal outputs dining 

toWmDd*bm*m 9 mf (nation from the CPU is nQnnal opaadans L fcfcFU. 

immediately transferred to the ICE™ base unit without 5 . ^ i 

alignment The fo rmatting component comprises a holding FIG. 8fc a circuit diagram or the ICE™ mterface circuitry 

element and a formatting controller. The holding element is coupled to the formatting component 

a combinatorial logic circuit including storage elements for FIG. 9 is a circuit diagram of the bus cycle filter of the 

holding data or address, snoop request addresses and a write filtering circuitry. 

back replacement address and multiplexers for selecting rg. 10 is a circuit diagram of the force filter of the 

when certain information is to be transferred The formatting filtering circuitry. 

controller includes four state machines for controlling the w - . .... „ 

operations of the holding elen^Tta tnmrf^S™! n ? U " a *"* . dia 2 am P^ 011 a<Wress 

tonto an ICE™ intofeoL circuit beingTS^^S- ^ahon ormfry deugtedto calculate the high address 

torial logic dront to select which SJon is tS^d „ boundary constraint "AH[2*]". 

to the ICE™ base unit FIG. 12 is a circuit diagram of a second portion of the 

The filtering circuitry enables selective tracing of a type translation circui^ for calculating the three least 

(s) of bus cycles) by signaling the ICE™ base unit whefrer sl « Illficant ** rf me address " 

or not to trace the frame input during this particular bus DETAILED DESCRIPTION OF THE 

cycle. The filtering circuitry comprises a bus cycle filter and ^ INVENTION 

a force filter. The bus cycle filter generates either an active L ^ 

signal if the bus cycle is one of a selected bus cycles or an In the following detailed description, the present inven- 

inactive signal This signal is transmitted through an output tion describes a circuit operating in association with a testing 

filter line to the force filter. The force filter, on the other probe of an ICE™ designed for actively assisting an ICE™ 

hand, is primarily used to filter non-bus type cycles. In the ^ base unit to debug (0 an electronic component, typically a 

event that either the bus cycle filter or the farce filter detects CPU, operating in a 4 target" system and/or (ii) software 

a selected bus or non-bus cycle, a valid trace frame signal is controlling operations of the CPU. In the present 

asserted to inform the ICE™ base unit to trace the frame. application, numerous details are set form, such as specific 

The address translation circuitry calculates various co mbinat orial logic circuits (ie., an interconnection of stan- 

address information required by the ICE™ base unit but is 30 ciard logic gates, latches, and/or other components which 

not transmitted by the CPU. Such address information produce at least one output control signal), specific circuit 

includes (i) an upper boundary constraint AH[2:0] to provide diagrams of gate arrays and components forming the gate 

the ICE™ base unit with the highest byte address currently arrays and the like. It is apparent, however, to one skilled in 

on the CPU bus and (ii) a lower boundary constraint A[2:0], me art of circuit design, that the present invention may be 

collectively with AH[2:0], to provide the ICE™ base unit 35 practiced through different embodiments than illustrated 

with a range of byte addresses on the CPU bus. This range without deviating from the spirit and scope of the present 

allows word recognizers in the ICE™ to recognize byte invention. 

addresses on a byte granularity whereas without such range, In the detailed description, a number of terms are fre- 

the word recognizers would recognize byte addresses on a quentry used to describe certain control circuits, signal 

packet granularity. Hie address translation circuitry further 40 representations and CPU bus operations which are defined 

alters certain byte enable and address values depending on herein. A "state machine'' is a combination of conventional 

certain events. More specifically, in the event that the CPU logic, typically synchronous in nature, which receives as 

alters its current bus cycle from a non-burst read cycle to a input at least one control signal co ntaining state information 

burst read cycle, the outputs BE[3:0]# are set to ,t 0". and responds to the control signal through at least one 

Otherwise, BB[3:0]# and AM[2:0] are set to "1". 45 control output A •^multiplexer" is defined as one or more 

Furthermore, in the event that there exists a burst cycle, conventional multiplexing logic gates represented as having 

A[4-3] is incremented as needed to signal burst cycles. The two inputs arranged to output one of two inputs. A ••packet" 

manner of incrementing AH[2:0] is shown in the firm is generally defined as a plurality of information bits (ie., 

combinatorial logic circuit of the ICE™ interface circuit binary values of address, control or data signals) being a 

B RIEF DESCRIPTION OF THE DRAWINGS 50 ma * irTimn 64-bits in width, which are transferred in a single 

_ t . , bus cycle. The packet may be further categorized according 

The objects, features and advantages of the present inven- t0 & contents eg., a "data packer being a packet of 

tion will become apparent from the following detailed exclusively data. A "frame" is generally all of the informa- 

deaenpuon of the present invention in which: tion bits being output from the gate arrays of the testing 

FIG. 1 is a perspective view of an in-circuit emulation 3J probe in a single dock cycle. 

(•TO*™") system having a testing probe incorporating a AddMonally, a "bus cycle" is an operation by the CPU 

plurality of gate arrays forming the present invention. which is commenced by driving an address onto the CPU 

FIG. 2 is a circuit diagram of a preferred embodiment of bus and asserting an address strobe signal and is completed 

the present invention incorporated within a plurality of gate by asserting a signal such as a "bus ready" signaL The bus 

arravs - _ 60 cycle may include a single data transfer or multiple data 

FIGS. 3A-3C is a more detailed circuit diagram of one of transfers (Le., four sequential data transfers are collectively 

the plurality of gate array wherein the gate array comprises referred to as a "burst" cycle). A "bus sequence" is a series 

a bus tracking component, a formatting component, filtering of bus cycles to perform a specific function, 

circuitry and address translating circuitry. Referring to FIG. 1, the ICE™ 1 comprises a testing probe 

FIG. 4is a circuit diagram of the bus tracking component 65 2 capable of retrieving Mormation on a CPU bus 3a and 

FIG. 5 is a circuit diagram of the holding element of the tran^ipMng re- form"***** information t n ?r\ TCE™ ba$f unit 

formatting component 4 for storage, word recognizing and state sequencing. In a 
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preferred embodiment, the CPU 3 is an Intel® Pentium™ 
CPU supporting a 64-bit data bus and a 32-bit address bus; 
however, it is contemplated that the testing probe 2 clearly 
could be modified in accordance with any CPU specifica- 
tion. For illustrated purposes, however, the description of the 
preferred embodiment will be discussed in the context of 
debugging the Pentium™ CPU, although such discussion 
should not be construed in any way as a limitation on the 
scope and spirit of the present invention. 

One embodiment of the testing probe 2 includes a con- 
nector 5 for mechanically and electronically coupling the 
testing probe 2 to a target system 6 (e.g., a printed circuit 
board operating as a CPU system) and a plurality of gate 
arrays 10-14, being standard 0.8 urn CMOS Applied Spe- 
cific Integrated Circuits, for monitoring information signals 
output from the CPU bus 3a. The CPU 3 is mounted onto the 
testing probe 2 after removal from the target system 6 in 
order to establish electrical contact with the gate arrays 
10-14 while still maintaining its pre -removal electrical 
contact within the target system 6 through the connector 5. 
If the testing probe 2 is in an appropriate operation mode, it 
re-formats the information signals from the CPU bus 3a and 
transfers re-formatted information to the ICE™ base unit 4 
through corresponding cables 7 (i.e., ribbon, flex, etc). The 
ICE™ base unit 4 operates according to a specific protocol 
to ascertain whether it should commence "tracing" (Le., 
storing) of the re-formatted information. If the ICE™ base 
unit 4 traces the re-formatted information and detects a 
command (usually transmitted by a computer system acces- 
sible by a test operator) from a state machine within the 
ICE™ base unit 4 to discontinue such tracing, the traced 
re-formatted information is uploaded to the computer system 
8 through a communication link 9 for formatting and dis- 
playing the information in a visual format and staring the 
information in a retrievable format 

The testing probe 2 operates in one of three modes; 
namely, a "Raw" mode, "Format" mode and "Pseudo- 
Format" mode. In Raw mode, the testing probe 2 monitors 
information on the CPU bus and generates re-formatted 
control signals to the ICE™ base unit 4. Such control 
information is transferred in its entirety as received to the 
ICE™ base unit 4. This is accomplished by the gate arrays 
10-14 emulating that a bus cycle is completed every CLK 
cycle (defined below). The main purpose of the Raw mode 
is usually for hardware debug of state machines and inter- 
connects of the target system 6. In the Format mode, the 
testing probe 2 monitors information output on the CPU bus 
and generates re-formatted signals similar to "Raw" mode. 
However, the testing probe 2 synchronously aligns (Le., 
simultaneously outputs) these re-formatted signals in order 
to transfer information to the ICE™ base unit 4 after its 
associated bus cycle has completed, thereby reducing the 
amount of signal analysis required by the ICE™ base unit 4. 
Finally, in the Pseudo-Format mode, the testing probe 2 
operates alternatively in either the Raw or Format mode, 
depending on whether a hold acknowledge ("HLDA") signal 
input into the CPU 3 is as serted or de-asserted, respectively. 
This is normally done far software debugging of DMA 
sub-systems. 

Referring to FIG. 2, although each of the plurality of gate 
arrays 10-14 may be identical in physical construction to 
reduce masking and other manufacturing costs, each gate 
array may be configured to function in a different manner by 
programming its respective configuration elements 15—19 
(e.g.. Configuration registers) differently. Hie configuration 
elements 15-19 are programmed to select various logic 
gates (usually multiplexers) within its gate array so that, if 
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desired, each gate array may have a different signal path than 
the others. Each of the configuration elements 15-19 is 
accessed for programming purposes through its serial com- 
munication port 20o-2fe. For example, in this preferred 

5 embodiment, a well-known fiv e-pin Joint Test Action Group 
("JTAG") serial port (IEEE standard 1149.1) is used to 
program the configuration elements 15-19. 

Depending on how its configuration element 15-19 is 
programmed, a gate array propagates information through a 

10 particular signal path. In the preferred embodiment, the first 
gate array 1 0 is configured to receive and monitor a first data 
packet ("D[3 1:0]") input into a first port (labeled "TTNI3 1:01 
") from the GPU bus; a plurality of internal command signals 
input into a second input port (labeled 'TIC[7K3]") from the 

15 fifth gate array 14; and a plurality of byte enables M BE[3:0] 
#", being active-low as identified by a "#" symbol, input into 
a third port (labeled 4 TIC[11:8]") from the third gate array 
12. Thereafter, the first gate array 10 transfers and possibly 
re-formats a first 36-bit packet to the ICE™ base unit from 

20 a first output port labeled TOUT13 1 :0]/BEN[3 :0]" as enu- 
merated in Table 1 of Appendix A. The 32 least significant 
bits of the first packet (TOUT[3 1 :0]) are data bits which are 
stored in trace memory of the ICE™ base unit 4. The four 
most significant bits (BEN[3:0]), however, are simply used 

23 by word recognizers (Le., range comparators) and state 
machines in the ICE™ base unit and are not stored in the 
trace memory. The first gate array 10, as well as the other 
gate arrays 11-14, further transmits a clock signal (*TCLK") 
being a buffered version of a CLK signal (defined below) to 

30 be used by the ICE™ base unit to timely latch its packets. 
The second gate array U operates in a manner identical to 
the first gate array 10, except that it is configured to receive 
and monitor a second data packet containing a most signifi- 
cant 32-bits of data ("1X63:32]") input into the 1TNI31:0] 

35 from the CPU bus and a second plurality of byte enables 
("BE[7:4]#") input into TTC[11:8] from the fifth gate array 
14. The second gate array 11 further receives the plurality of 
internal command signals into its second input port Hie 
second gate array 11 transfers and possibly re-formats a 

40 second 36-bit packet from TOUT[31:0]/BEN[3:0] (see 
Table 2 of Appendix B for its contents). 

The third gate array 12 is configured to receive and 
monitor as input a third packet from the CPU bus including 
21 -bits of address starting at a fourth address bit ("A[233]") 

45 and a plurality of byte enables ("BE[7:0]#") mto T1N[31:0] 
(see Table 3 of Appendix A) and the plurality of internal 
command signals from the fifth gate array 14. Based on 
these inputs, the third gate array 12 calculates the three least 
significant bits of the address ("A[2:0]") and a high address 

so boundary constraint "AH [2:0]". Thereafter, the third gate 
array 12 transfers a third 36-bit packet to the ICE™ base 
unit The third 36-bit packet includes the least significant 24 
bits of the address "A[23K)] n and the plurality of byte 
enables BE[7:0]# (both of which are stored in trace memory) 

55 and the high address boundary constraint. M AH[2K)j". The 
third gate array 12 further outputs the plurality of byte 
enables from a second output port 'TOC{7:0r through a 
byte-enable bus 21 (discussed below). The third gate array 
12 generates A[2:0] and AH [2:0] since these signals are 

60 required by the ICE™ base unit to determine what address 
range is covered by the current address in the event of a burst 
cycle. 

The fourth gate array 13 is configured to receive and 
monitor a fourth 32-bit packet input into HN[31:0] from the 
65 CPU bus. The fourth packet includes the most significant 
bytes of the address "A[31:24] n and various snoop and 
control signals as listed in Table 4 of the Appendix A and 
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defined in Appendix B. Moreover, the internal command 
signals arc input into its second input port 4 TIC[7K)]" in 
order to assist in re-formatting the information output to the 
ICE™ base unit in the fourth 36-bit packet by indicating 
when to latch certain information and transfer such infor- 
mation to the ICE™ base unit 

The fifth gate array 14 is configured to receive and 
monitor a fifth packet including majority of the control 
signals input into its first input port TEN[31.-0r from the 
CPU bus as listed in Table 5 of Appendix A and defined in 
Appendix B. The plurality of byte enables BE(7:0]# from 
the third gate array 12 are input into TTC[7:0] of the fifth gate 
array 14 through the byte-enable bus 21 for cycle type 
filtering. Based on these inputs, a number of re-formatted 
signals are transferred to the ICE™ base unit including a 
TCLK signal, a fifth 36-bit information packet which com- 
prises a number of control signals including trace output 
signals providing trace and control information and the 
internal command signals which are output from the second 
output port "TOC[7:0] W to each of the first-fourth gate 
arrays 10-13 (hereinafter referred to as the 4 remaining gate 
arrays") through an inter-communication bus 22. 

As further shown in FIG. 2, the plurality of gate arrays 
10-14 are clocked by any identical clock line 23 which 
transmits a common buffered dock ("CLK") signal to each 
gate array 10-14. The CLK signal is derived from an 
original clock signal of the CPU which is driven into a 
phased lock loop "PLL" to generate the CLK signal. As a 
result, the gate arrays 10-14 operate in a synchronous 
manner. The plurality of gate arrays 10-14 are further 
coupled together by the inter-communication bus 22 and the 
byte-enable bus 21 as shown. 

As also shown in FIG. 2, the inter-communication bus 22 
inputs the plurality of internal command signals generated 
by a fifth gate array 14 into each of me remaining gate arrays 
10-13. These internal command signals provide control 
information from which a trace signal output can be derived 
for latching information and/or transfer the information to 
the ICE™ base unit (i.e., when to re-format the information 
signals and transfer such re-formatted information signals to 
the ICE™ base unit). The byte-enable bus 21 is primarily 
used to signal which bytes of data are to be written to 
external memory as required by the CPU for a current bus 
cycle. The byte-enable bus 21 is coupled in its entirety to the 
fifth gate array 14, but only half of the byte-enable bus 21 
is coupled to the first gate array 10 while the other half of the 
byte-enable bus 21 is coupled to the second gate array 1L 
Thus, the first gate array 10 monitors a first half of the CPU 
bus and the second gate array 11 monitors a second half of 
the CPU bus where each byte-enable is used to specify 
whether its associated data byte is valid. 

Referring to FIGS. 3A-3C, a preferred embodiment of a 
gate array 30 having a physical construction identical to 
each of the plurality of gate arrays is illustrated in a 
more-detailed circuit diagram. The gate array 30 comprises 
a bus tracking component 31, a formatting component 32, 
filtering circuitry 33a and 336 and address translating cir- 
cuitry 34a-34c. These components and circuitry are coupled 
together through a variety of combinatorial logic circuits in 
order to monitor information signals from the CPU, 
re-format the information signals and transfer such 
re-formatted information signal & to the ICE™ base unit. 

These combinatorial logic circuits include latches such as 
conventional D-type flip-flops and other similar logic in 
order to ensure proper hold and set-up timing for synchro- 
nous operations between gate arrays and synchronous output 
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of the re-formatted information signals to the ICE™ base 
unit The latches have been illustrated but frequently are not 
discussed for clarity sake. These combinatorial logic circuits 
further include a plurality of multiplexers 4$a-45e each 

5 having two inputs "A" and "B" as labeled. As briefly alluded 
to above, these multiplexers, selected by one of the con- 
figuration elements 15-19, enable the first-fifth gate arrays 
to enjoy different signal paths while maintaining the same 
physical construction. For clarity sake, a table indicating 

10 which inputs of the multiplexers 45o~45* are selected far 
each the gate array is illustrated below. The symbol fT) 
means that either input may be selected. 
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The gate array 30 receives information through at least 
three input ports 35-37 and a serial communication port 
(eg., JTAG) 38 and transmits information form a plurality of 
output ports 39 and 40. The first input port 35 of the gate 

30 array 30 ( M TIN[31:0] W ) is a 32-input port for receiving a 
packet of information (Le., data, address and/or control 
signals) from the CPU through a plurality of signal lines 4 1. 
Of course, these signal lines 41 are coupled to different 
outputs of the CPU, depending on the particular gate array. 

35 The information signals of the packet are latched by a 
latch element 42 and thereafter, a majority of these infor- 
mation signals are input into the bus tracking component 31 
and a first pipe component 43a. The first pipe component 
43a includes multiple latches coupled together in series to 

40 provide sufficient latency between input and output 
Additionally, certain information signals from T1N[3 1:0] are 
input into various other c omp onents since these different 
gate arrays are required to transfer different information 
signals and a common structure is used. More particularly, 

45 those signals associated with TIN[31:24] are input into a first 
and second portions 34a and 34b of the address translating 
circuitry labeled as "ATI" and M AT2* and a third multiplexer 
45c to be output through the byte-enable bus 2L Moreover, 
the information signals of TIN[2:0] are input into a first 

50 multiplexer 45a and the information signal of TTNI3] is 
input into a second multiplexers 45b. In addition, the infor- 
mation signals UNI 17: 161 are input into a fifth multiplexer 
45* operating in connection with a force filter 336 of the 
filtering circuitry. 

55 Referring to FIG. 4, the bus tracking component 31 
includes three state machines 50-52 operating as a single 
unit to generate and transfer the internal command si gnals 
(defined below) for tracking the CPU bus and controlling the 
formatting component to transfer reformatted information 

60 into the ICE™ base unit in a synchronous manner during 
"Format" mode. A first state machine 50 generates a first 
internal command signal, Latched External Address Strobe 
("LEADS") which is used to indicate mat a "Snoop" cycle 
has occurred on the CPU bus in order to instru ct certain state 

65 machine(s) within the formatting component 32 of such 
occurrence. The LEADS signal is based on a number of 
control signals including HLDA, AHOLD, EADS#, HTTM# 
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and BOFF# which are defined in Appendix B. The LEADS 
signal is active when mere is a valid snoop address, being 
asserted on the Pentium™ CPU, is output from the bus 
tracking component 31 via a first internal command line 53. 

A second and third state machines 51 and 52 operate in the 
alternative to track bus cycles on the CPU bus. The selection 
of either the second or third state machines 51 or 52 is 
dependent on whether the HLDA signal is asserted indicat- 
ing that a DMA operation is in progress. If the HLDA signal 
is asserted, the third state machine 52 is in operation while 
the second state machine 51 remains inactive. If the HLDA 
signal is de-asserted resetting the third state machine 52 and 
a Reset line 54 is inactive, the second state machine 51 
becomes active; however, if the Reset line 54 is active, the 
second state machine 51 is reset and the third state machine 
52 is active. If protocol errors occur in the second state 
machine 51, the ICE™ base unit freezes, if protocol errors 
occur in the third state machine 52, the third state machine 
52 flushes all bus cycles and does not accept any new ones. 

Each of the second and third state machines 51 and 52 
receive as input those control signals inputted into the first 
input port (T1N[31K)] W ) identified by "* w in Table 5 of 
Appendix A. These control signals are used to generate four 
additional internal command signals; namely, Valid Data 
("VD"), VaHd Address ("VA"), VaHd Burst ("VB") and 
Abort ("ABORT"). These four internal command signals 
from each state machine 51 and 52 are OR'ed together 
through conventional logic gates 55 to represent when a 
DMA or non-DMA operation dictates assertion of these 
command signals. Although it is contemplated that the 
second and third state machines 51 and 52 are separate as a 
design choice, it is contemplated that the state machines 
could be combined so long as the combination functions 
properly. 

The VD command signal indicates whether the CPU 
recognizes the data. The VA command signal indicates 
whether the CPU has initiated a bus cycle with a valid 
address and associated control signals. The VD and VA 
signals are output from the bus tracking component 31 
through a second and third internal command lines 56 and 
57. Another one of the plurality of internal command signals 
includes the VB command signal which indicates whether 
the CPU is transferring or receiving four 64-bit data packets 
in a burst cycle. The VB command signal is output from the 
bus tracking component 31 through a fourth internal com- 
mand line 58. Another of the internal command signals 
includes the ABORT command signal which indicates that 
an external agent requires immediate termination of current 
bus cycle (s) through its assertion on a fifth internal com- 
mand line 59. While operating in Raw mode, the third state 
machine 52 activates the VD and VA signals and 
de-activates VB and ABORT signals to emulate that the 
CPU is completing a bus cycle every CLK cycle. Thus, all 
of the control signals on the CPU bus are transferred to the 
ICE™ base unit and are traced by the ICE™ base unit 

Referring back to FIGS. 3A-3C, although the bus track- 
ing component 31 is incorporated within each gate array far 
manufacturing cost savings, only the bus tracking compo- 
nent 31 for the fifth gate array is operational due to the 
pipeline nature of the gate arrays. Thus, the remaining gate 
arrays depend on the fifth gate array for these above- 
described internal command signals. 

Far illustrative purposes, assuming that the gate array 30 
is the firm gate array, the bus tracking component 31 
transfers the internal command si gnals through two different 
signal paths. Along a first signal path, the bus tracking 
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component 31 outputs the internal command signals to the 
remaining gate arrays by transmitting the internal command 
signals into the third multiplexer 45c, which is selected by 
its configuration element 19 to output the internal command 

5 signals through the second output port 49 labeled 
TOC[7:0r. TOC[7:0] of the fifth gate array is coupled to 
the second input ports 36 1TN[7:0r of the remaining gate 
arrays through the inter-communication bus line 22 (see 
FIG. 2). The internal command signals are then input into a 

10 first input of the fourth multiplexer 45 d of that gate array. 
Concurrently, along a second signal path, the internal 
command signals are latched far two clock cycles before 
being input into a second input of the fourth multiplexer 4Sd 
of the firm gate array. The reason far such delay is mat mere 

15 exists a delay of two clock cycle from generation of the 
internal command signals in the bus tracking component 31 
of the fifth gate array 14 to such signals being input into the 
fourth multiplexer 4Sd of another gate array. Thus, the 
internal command signals are synchronized to be input into 

20 each fourth multiplexer 454 of the gate arrays simulta- 
neously. The configuration element for the remaining gate 
arrays selects the first input of the fourth multiplexer 4Sd of 
the remaining gate arrays while the configuration element 
for the fifth gate array selects the second input so mat the 

25 internal command signals are input into the formatting 
component 32. 

The formatting component 32 comprising a holding ele- 
ment 60 and a formatting controller 110 for controlling the 
operation of the holding element 60. As shown in FIG. 5, in 

30 the preferred embodiment of the present invention, the 
holding element 60 is a cornbinatarial logic circuit com- 
prises a plurality of "stages" 61-64 where each stage 
includes storage elements or multiplexers, all of which are 
operating in concert to provide temporary storage and proper 

35 latency and set-up timing. A first stage 61 of the holding 
element 60 includes at least four storage elements 65-68 
(e.g. each storage element being a number of D-type flip 
flops with an enable input or any equivalent element) which 
are employed for temporarily storing information, mainly 

40 data and address from the CPU bus (hereinafter referred to 
as "information storage elements"). One of these informa- 
tion storage elements 65-68 is selected by activating its 
corresponding address/data ("A/D") enable line 69-72, 
respectively. Additionally, the first stage 61 includes at least 

45 four storage elements 73-76 far temporarily storing a snoop 
address request placed on the CPU bus (hereinafter referred 
to as "snoop storage elements") through activating one 
snoop enable line 77-80 and at least one storage element 81 
which is employed far temporarily storing a snoop write 

so back replacement address for Pentium™ Snoop Write Back 
cycle. 

A second stage 62 includes a pair of stage multiplexers 83 
and 84. A first stage multiplexer 83 is coupled to the 
information storage elements 65-68 through corresponding 

55 address/data input lines 85-88. The information signal from 
one of the information storage elements 65-68 is output by 
the first stage multiplexer 83 through a selected A/D output 
line 89 according to a binary representation of a plurality of 
information select lines 90. The second stage further 

60 includes a second stage multiplexer 84 coupled to the snoop 
storage elements 73-76 through corresponding snoop 
address lines 91-94 acting as inputs and a plurality of snoop 
address request lines 95 which are coupled to the second 
stage multiplexer 84 as select lines. Thus, based on the 

65 snoop address request lines 95, one of the snoop address 
requests is output from the second multiplexer 84 through a 
selected snoop output fine 96 to a third stage multiplexer 97. 
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A nurd stage 63 includes the third stage multiplexer 97 
coupled to the selected A/D and snoop output lines 89 and 

96, respectively. Thereafter, either the information being 
transmitted through the address/data output line 89 or the 
snoop address request being transmitted through selected 
snoop output line 96 is transferred upon selection of an 
AD/snoop select line 98 and output through a selected 
AD/snoop output line 99 from the third stage multiplexer 97. 

A fourth stage 64 includes a fourth stage multiplexer 100 
coupled to the selected AD/snoop output line 99 from the 
third stage 63 and a snoop writeback line 101 transmitting an 
output from the snoop writeback storage element 81. The 
36-bit information packet output from the holding element 
60 is selected by a holding element select line 102 to be 
either the snoop writeback replacement address through 
selection of the snoop writeback line 101 or information or 
snoop address request through selection of the AD/snoop 
output line 99 and output to the output signal bits (labeled 
"HBPStf]") of which the four most significant bits are input 
into the fifth multiplexer 45* as shown in FIG. 3C. For the 
first, second and fifth gates, these four most significant hits 
result in values for BEN[3:0] as shown in Tables 1-5 of 
Appendix A. 

Referring to FIG. 6, the formatting controller 110 includes 
a plurality of state machines for controlling the holding 
element 60; namely, a data, address, snoop and trace state 
machines 111-114, respectively. These plurality of state 
machines receive certain internal command signals (at least 
VD, VA, VB, ABORT and LEADS) and active various select 
signals depending on these internal command signals. Both 
the data and address state machines 111-112 output those 
enable signals transmitted through the enable lines 69-72 
associated with each of the four information storage ele- 
ments 65-68 and the plurality of information select lines 90 
for selecting one of the information storage elements for 
transmitting information through the first stage multiplexer 
83. The configuration elements select the outputs from the 
data or address state machines 111 and 112 as input and 
control of the holding element 60. 

The snoop state machine 113 controls the selection of 
signals through the stages of the holding element 60. More 
particularly, the snoop state machine 113 selects the appro- 
priate snoop storage element for storing a snoop address 
request, which snoop address request being output of the 
second stage multiplexer 84 into the third stage multiplexer 

97. Additionally, the snoop state machine 113 generates a 
select signal along the AD/snoop select line 98 for selecting 
whether the output of the third stage multiplexer 97 is an (i) 
address or data, or (ii) snoop address request whether the 
output of the fourth stage multiplexer 100 is the output of die 
third stage multiplexer 97 or the snoop write back line 10L 

The formatting controller 110 further includes a trace state 
machine far generating trace output signals TVD, TVA, 
TVB, PIPE and SNOOP corresponding to the certain inter- 
nal command signals; namely, VD, VA, VB, ABORT and 
LEADS. These trace output signals are used by ICE™ 
software to determine if there exists valid information on the 
CPU bus. These trace output signals are defined as follows: 

(1) Trace Valid Data (*TVT) w >~mdicates mat there is 
valid data on the CPU bus for this frame. 

(2) Trace Valid Address ( M TVA w )-^ndicates mat there 
exists a valid address on the CPU bus for this frame. 

(3) Trace Valid Burst ( 4 TV3 w )-^dicates that this bus 
cycle is a portion of a burst cycle so that the CPU bus 
contains four valid data packets. 

(4) SNOOP — indicate that there is a valid snoop address 
on the CPU bus. 
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(5) PIPE — is a signal used only in "Raw" mode mdicatiiig 

that there exists two pending bus cycles. 
Hie difference between the internal command signals and 
the trace output signals is mat the trace output signals are 

5 mode dependent and configured accordingly. For example, 
as shown in a timing diagram of FIG. 7, the CPU is 
undergoing a single data transfer for each completed bos 
cycle as shown by the address strobe signal ("ADS#") and 
the bus ready signal (**BRDY#"). For the format mode, me 

10 TVA and TVB trace output signals are re-formatted in an 
aligned, synchronized manner. In Raw mode, however, the 
TVA and TVD signals are input into the ICE™ base unit as 
received so mat the ICE™ base unit normally must track 
which TVA is associated with which TVD. As shown, in the 

15 present invention, the ICE™ base unit is not required to 
track the TVAs and TVDs because this is accomplished 
through the PIPE trace output signal, which is asserted when 
an TVA is asserted and de-asserted when the TVD associated 
with the TVA is asserted and de-asserted. In the event that 

20 the trace output signals are not used in favor of tracing all the 
Pentium™ CPU signals, it is extremely difficult for software 
to ascertain at any given moment in the trace if one or more 
bus cycles are pending, unless: (1) the trace is started after 
the Pentium™ CPU has completed all outstanding bus 

25 cycles and is stopped when filled with subsequent Pen- 
tium™ CPU bus cycles; or (2) the trace is stopped after all 
outstanding bus cycles are completed. 

With the trace output signals being stored in the trace, the 
trace may be started and halted at any time and software can 

30 search through the trace with full cognizance what address 
goes with what data. In the "Format" mode, TVD, TVA, 
TVB and SNOOP are valid trace output signals providing 
much information to the ICE™ base unit For example, if 
TVA and TVB are being simultaneously asserted, the current 

35 cycle is a burst cycle so that four valid data packets are to 
be placed on the CPU bus. Similarly, if TVA is asserted and 
TVB is de-asserted, the current cycle is a normal cycle 
transfer ri ng one data packet In these cases, SNOOP indi- 
cates the address is the last snoop request done on the CPU 

40 bus. 

In "Raw** mode, the PIPE trace output is used to deter- 
mine if software needs to search back through the trace to 
the last address when TVD is asserted (when HPE^XT) or 
search back two addresses through the trace (when PIPE= 

45 "1"). This allows software to correlate the correct address 
with its* associated data during when pending bus cycles are 
outstanding. It is contemplated, however, that multiple PIPE 
trace outputs could be used for CPU supporting more than 
two outstanding bus cycles. 

50 Referring back to FIGS. 3A-3C, the holding element 60 
receives 36-bits of information from first and second pipe 
components 43a and 432> and the formatting controller 110 
receives the internal command signals from either the sec- 
ond input part 36 or the bus tracking component 31. After 

55 the above-discussed operations, the holding element 60 
transfers a 32-bit information packet to the ICE™ interface 
circuit 47 to re-format and synchronously aligning address 
and data within the packet provided in "Format" mode 
before transferring the packet to the ICE™ base unit 

60 Referring to FIG. 8, the ICE™ interface circuit 47 
includes a plurality of combinatorial logic circuits 121-126 
having at least two inputs and a single output transferred to 
the ICE™ base unit as listed in Tables 1-5 of Appendix A. 
When in "Format" mode these combinatorial logic circuits 

65 121-126 coordinate that the information is synchronously 
aligned and transferred to the ICE™ base unit for its 
maximum efficiency. With respect to a first combinatorial 
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logic circuit 121, it receives as input eight most significant 
hits of the information packet from the holding element 60 
(labeled "HE [3 1:24]") and the trace output signals from the 
trace state machine 114 of the formatting controller 110. The 
signals are input into a multiplexer 127. Except for the fifth 
gate array, the configuration elements of the gate array are 
programmed to select the HE[3124] to be TOUT[31:24) to 
the ICE™ base unit, which are output from the multiplexer 
127 and input into a mask element 128 (eg. . AND gate with 
an enable signal) transferring a null byte (all logic "0" 
signals) in lieu of HE[31;24] if the mask element 128 is 
enabled. In the preferred embodiment, the mask element 128 
is enabled (logic "1") unless the gate array is the third gate 
array and is operating in a burst cycle. 

With respect to a second combinatorial circuit 122. next 
eight most significant bits from both the holding element 60 
"HE(23:16J W and the pipe component 43a "PIPE[23:16T are 
input into a multiplexer 130. The second combinatorial 
circuit 122 usually outputs HE[23:16] as output signals 
TOTJT[23:16] to the ICE™ base unit, except if the second 
combinatorial circuit is within the fifth gate array. This allow 
signals asynchronous to ADS# to be sent to the ICE™ base 
unit under software control 

With respect to a third combinatorial circuit 123, it 
outputs the next three most significant bits of the packet (Le., 
TOUT[15:13]) to the ICE™ base unit The contents of 
TOUT[15:13] is normally corresponding signals HE[15:13] 
from the holding element, except when the gate array is the 
fifth gate array in which TOUT[15:13] is equivalent to 
IC[2:0] as defined in Appendix B. 

With reference to a fourth combinatorial circuit 124, it 
simply passes HE[12:5] with appropriate delays through as 
output signals TOUT[12:5]. The delays are incurred so that 
TOUT[12:5] will be input into the ICE™ base unit concur- 
rently with the other output signals. 

With respect to a fifth combinatorial circuit 125, it outputs 
TOTJT[43] which includes the fourth and fifth bits of the 
address A[4:3] for the third gate array. The fifth combina- 
torial circuit 125 includes HE[4:3] being latched and input 
into a pair of exclusive-or gates ("XORs") 132 and 133 and 
a count address "CA[1K)] W , generated by the formatting 
component, being input into the pair of XORs 132 and 133. 
Hie formatting component generates the count address bits 
CAI1] and CA[0] to have different binary values if the CPU 
is in a burst cycle. This is done to increment A[43] during 
the burst cycle to avoid problems if a burst cycle is requested 
during a normal data transfer. (See Table F below). For a 
normal bus cycle, however, the formatting component sets 
CA[1] and CA[0] equal so mat the output TOUT[43] is not 
incremented. 

With reference to the sixth combinatorial logic compo- 
nent 126, HE[2:0] is latched and input into a mask element 
135 which is enabled by the formatting component activat- 
ing a low address enable ("LAE"). In the third gate array, 
when a burst cycle occurs, all 64 bits are Valid on the data 
bus. The byte enables, which are used to generate A[2:0] and 
AH[2:0] are not always valid. Therefore, during a burst 
cycle, A[2:0] is always inactive (logic "O") and AH[2:0] is 
always active (logic "1"). The second portion to the trans- 
mission transmits A[2:0] to the pipe component 43a which, 
in turn, transfers A[2:0] to the holding element 60. The 
holding element 60 transfers A[2K)] into HE[2:0] of the 
trace. 

Referring back to FIGS. 3A-3C the filtering circuitry 33a 
and 336 enables a testing operator to selectively trace a 
desired type of bus cycle (e.g., memory read cycle, input/ 
output write cycle, etc.). Due to the pipelined nature of the 
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gate arrays, the filtering circuitry is operational only in the 
fifth gate array. Conventionally, any filtering of bus types is 
accomplished by the word recognizers in the ICE™ base 
unit which uses very limited vital resources. 

5 The filtering circuitry comprises a bus cycle filter 33a and 
a force filter 336. As shown in FIG. 9. the bus cycle filter 33a 
comprises a programmable logic array ("FLA") 140 receiv- 
ing as input signals the internal command signals (VB, VA, 
VB, ABORT, LEADS) from the bus tracking component of 

10 the fifth gate array, the byte-enables BE[7:0]# from the mini 
gate array through the second input port and various control 
signals including MAO#, D/C#, ADS#, BOFF#, CACHE#, 
W/R#, EADS# BRDY#, CRDY#, KEN#, NA#, HLDA and 
HTTM#. Collectively, these signals are representative of all 

15 the CPU bus cycle types. 

The PLA 140 translates the above-identified signals into 
a unique 5-bit binary representation of a bus cycle type for 
use as selecting signal lines 141 for multiple-input multi- 
plexer 142 receiving inputs from the configuration element 

20 19 through a number of bus-type lines 143 corresponding in 
number to the number of bus cycle types. Each of the inputs 
correspond to a different CPU bus cycle type. The configu- 
ration element 19 output an active-high voltage signal onto 
a corresponding bus-type line 143 if its corresponding bus 

25 cycle type is selected and a low-voltage signal if not 

For example, suppose the operator desires only to trace 
memory read cycles. Upon detection of a memory read 
cycle, the PLA 140 outputs a binary number corresponding 
in number to placement of a bus type line designated to 

30 memory read cycles. Since memory read cycles are to be 
traced, the corresponding bus-type line 143 has an active 
signal thereon. Thus, when selected by the selecting signal 
lines 141, a filter line 144 is active. However, upon detection 
of another bus cycle type, its corresponding input line would 

35 be inactive so that the filter line 144 is inactive. The filter 
line 144 is latched by a latch element 145 for proper delay 
and an output filter line 146 is coupled to the force filter 33b 
which, in turn, generates a valid trace frame signal (VTF#) 
which indicates to the ICE™ base unit to trace or not trace 

40 the particular bus cycle. 

Referring to FIG. 10, the force filter 33fc is primarily used 
to filter non-bus type cycles such as breakpoints. This is 
accomplished by a plurality of logic gates 150a-150n (V 
being an arbitrary number) in parallel for outputting the 

45 non-bus type information from the Pipe component 43a via 
a non-bus filter lines 151a-151rt (see FIGS. 3A-3Q when 
enabled by its corresponding mask enable 152o-152n. The 
mask enable lines 1526-152* are activated by the configu- 
ration element 19. The outputs of each of the logic gates 

50 ISOa-JSQn are input into a first input of a corresponding 
plurality of XOR gates 153o-153n along with a value 
register 154a- 154n from the configuration element 19, 
operating as a check of the output of the logic gates 
lSQa-lSQn, is input into a second input of the corresponding 

55 XOR 153o-153n, respectively. Thus, according to a truth 
table of Table B illustrated below, the VTF# signal would be 
asserted indicating to the ICE™ base unit to trace the bus 
cycle based on the following: 

60 TABLE B 

• ^huh Table fbrForoe Filter Component 

Pipe Input Mask Value VTF» 

65 X Oil 

X 0 0 0 
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TABLE B-continoed 
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Trtflfa Tabic for Force Fitter Conumngrt 
Pipe&put Mask Value VTF# 



10 



Thus, for all cycles (bus and non-bus cycles), the force 
filter of the filtering circuitry is constructed according to 
Table C: 



output of the second NAND gate 166. The output of the 
second multiplexer 167 is inverted and stared as a third high 
address boundary constraint bit "AH[0]. n It is contemplated, 
however, that the first portion 34a of die address transition 
circuitry could be designed in a number of different con- 
structions so as to at least comply with the truth table shown 
in Table D. 

TABLED 

TDrnth Tabic for First Portion of the Address Translation Cmrmtrv 



TABLE C 



Pipe Inpu 


Troth Tabic for the Filtering Circuitry 


VTF# 


1 Mast 


Value 


Filter 


X 


0 


0 


0 


1 


X 


0 


0 


1 


0 


X 


0 


1 


X 


0 


0 




0 


0 


1 


0 




0 


1 


0 


1 




0 


X 


0 


0 




1 


X 


0 


1 




1 


0 


1 


1 




1 


X 


0 



15 



20 







BETWJW 










AHT201 




7 6 


5 


4 


3 


2 


1 


0 


2 


1 


0 


0 X 


X 


X 


X 


X 


X 


X 


1 


1 


1 


1 0 


X 


X 


X 


X 


X 


X 


1 


1 


0 




0 


X 


X 


X 


X 


X 


1 


0 


1 






0 


X 


X 


X 


X 


1 


0 


0 






1 


0 


X 


X 


X 


0 


1 


1 






1 


1 


0 


X 


X 


0 


1 


0 






1 


1 


1 


0 


X 


0 


0 


1 






1 


1 


1 


1 


0 


0 


0 


0 



The address translation circuitry re-formats implicit 
addresses into explicit address. This is done to simplify 30 ponent 42 to receive as input the byte-enables BE[7:0]# as 



Referring to FIG. 12, the second portion 346 of the 
address translation circuitry is illustrated. The purpose of the 
second portion Mb is to determine A[2K)] which signifies an 
lower boundary condition in order to give the lowest byte 
address currently on the data bus. The second portion Mb 
includes a multiplexer 170 also coupled to the latch com- 



programming of the word recognizers in the ICE™ base unit 
so as to simplify the software needed to set up the word 
recognizers for boundary ranges. The byte enables need to 
be explicit (correlate exactly to what operation is desired). 
As shown, an address generated directly from the Pentium™ 
CPU includes byte enables but does not have the three least 
significant address bits 
Referring to FIG. 11, the first portion 34a of the address 



35 



shown in FIG. 2 and Table 3 of Appendix A. BE[2:0]# and 
BE[6:4]# are input into the multiplexer 170 and either 
BE[2:0]# or BEI6:4]# is output from the multiplexer 170 
through three output lines 171-173. The selection of 
BE[2:0]# or BE[6:4]# is accomplished through a select line 
174 being an output of a NAND gate 175 having as inputs 
BE[3:0]#. If any of the BE[3:0J# are asserted (logic "0"), the 
NAND gate 175 outputs a logic "1" which selects BE[2:0]# 



translation circuitry is illustrated and outputting valid infer- , , , . . «_ A , At , . U1 „ . 

^ononlywStheftirdgateanay.^cp^poseof.he « ^^^^^.^^17^ 
first portion Ma is to determine the high address boundary 
constraint "AH[2:0] N which signifies an upper boundary 
condition in order to give the highest byte address currently 
on the CPU bus for use by the word recognizers in the ICE™ 
to recognize byte addresses on a byte granularity instead of 45 
a packet granularity. The first portion includes a multiplexer 



160 coupled to the latch component 42 to receive as input 
the byte-enables BE[7:0]# being input from the plurality of 
signal lines 41 as TTN[31:24] (see FIG. 2 and Table 3 of 
Appendix A). More specifically, BE[3:1]# and BE[7:5]# are 
input into the multiplexer 160 and either BE[3:1]# or 
BE[7:5}# is output from the multiplexer 160 through three 
output lines 161-163. The selection of BE[3:l]#orBE[7:5]# 
is accomplished through a select line 164 being an output of 
a NAND gate 165 having as inputs BE[7:4]#. If any of the 
BE[7:4]# are asserted (logic "0"), the NAND gate 165 
outputs a logic "1" to a first high address boundary con- 
straint bit AH[2] and selects the BE[7:5]# to be output from 
the multiplexer 160. Otherwise, the NAND gate 165 outputs 
a logic *XT to AH[2] and selects the BE[3:1]#. 

In any event, a first and second byte enables transferred by 
a first and second output lines 161 and 162 are input into a 
second NAND gate 166 in which an output of the second 
NAND gate 166 represents a second high address boundary 
constraint bit "AH[1]. W The first and a third byte enable 
transferred by the first and a third output lines 161 and 163 
are input into a second multiplexer 167 being selected by the 



inverted and stored as A[2]. Otherwise, the NAND gate 175 
outputs a logic "(T so as to store a logic "1" in A[2] and 
selects BE[6:4]#. 

In any event, a first and second byte enables BE[1:0]# or 
BE[5:4}# transferred by a first and second output lines 171 
and 172 are input into a second NAND gate 176 in which an 
output of the second NAND gate 176 is inverted to represent 
A[ 1]. The first and a third byte enable are input into a second 
multiplexer 177 being selected by the output of the second 
^ NAND gate 176. The output of the second multiplexer 177 
is stored as A[0]. It is contemplated, however, that the 
second portion Mb of the address transition circuitry could 
be designed in a number of different constructions so as to 
at least comply with the truth table shown in Table E. 

55 



60 



TABLE E 


Thah Table for a Second Portion of Che Adds 


tss Translation Circuitry 


BH701# 


Af2K)l 


7 6 5 4 3 2 1 


0 2 10 



65 



X 
0 

1 
1 
1 
1 



X 
X 
0 

1 
1 
I 



X 
X 
X 
0 

1 
1 



X 
X 
X 
X 
0 

1 



X 
X 
X 
X 
X 
0 



X 
X 
X 
X 
X 
X 



X 
X 
X 
X 
X 
X 
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TABLE E-continued 



TfruthThble fort Second Portion of the Address 'RmMan Gremnr 



















Ar2i)l 




7 


6 


5 


4 3 


2 


1 


0 


2 


1 


0 


1 


1 


1 


1 1 


1 


0 


X 


0 


0 


1 


1 


1 


1 


1 1 


1 


1 


0 


0 


0 


0 



TABLE F 



Troth Table far Af4] and A(31 For a Pentium ™ Burst Cycle 







Address far 


Address far 


Address for 


Address far 






First 


Second Data 


Third Data 


Fourth Data 














A4 


A3 


Cycle 


Cycle 


Cycle 


Cycle 


0 


0 


OQH 


OSH 


1QH 


18H 


0 


1 


OSH 


OQH 


18H 


10H 


1 


0 


10H 


18H 


OQH 


OSH 


1 


1 


18H 


1QH 


OSH 


00H 
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10 

As illustrated in FIGS. 11-12 and Tables D-E, the address 
translation circuitry calculates the value of A[2:0] which is 
associated to an address range set to the binary number 
representing the least significant byte enable that is asserted. 
Fox example, if only a fourth and fifth byte enables BE[4:3]# 
are enabled, A[2:0] would be equal to binary "Oil" repre- 
senting BE[3]#. The address translation circuitry further 
calculates AH[2:0] being a 3-bit binary number set to the 
number value of the most significant byte enable that is 20 
asserted Using the previous example, AH[2K)] would equal 
binary number "100**. 

As shown in FIGS. 3A-3C, the address translation cir- 
cuitry further includes a third portion 34c operational only 
for the first and second gate arrays to overcome a debugging 25 
problem associated with the Pentium™ CPU. More 
particularly, the Pentium™ CPU may alter its current bus 
cycle from a non-burst read bus cycle to a burst read bus 
cycle. Thus, the byte-enables, all of which are usually 
asserted for a burst read cycle since external hardware may 
want to cache a 32-byte read, are commonly incorrect As a 
result, if such an event occurs, a "Force Zero" signal line 48 
from the formatting component 32 is asserted (logic "0") so 
mat the byte enables are asserted Lc, BEN[3:0]="0 W and a 
4 'Force One** signal line 49 from the formatting component 
32 is asserted (logic " 1") (See FIGS. 3A-3Q. Otherwise, the 
Force Zero line 48 remains de-asserted so that AH[2:0] or 
BEN[3:0]# is set to "111" or "1111" respectively for the 
third gate array. 40 

Hie address translation circuitry further includes a fourth 
portion within the ICE™ filtering circuitry to increment 
A[43] appropriately for burst cycles. This is accomplished 
through the fifth combinatorial logic circuit 125 as illus- 
trated in FIG. 8 to function according to Table F when the 45 
count address bits CA[1] and CA[0] are set by the formatting 
controller to be opposite to one another. 



30 
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60 



The present invention described herein may be designed 
using many different circuit designs. While the present 
invention has been described in terms of a specific 
embodiment, other embodiments may come to mind to those 
skilled in the art without departure from the spirit and scope 65 
of the present invention. The invention should, therefore, be 
measured in terms of the claims which follow. 
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APPENDIX A 
TABLE 1 



Inputs into the fist input port HN[31:0] and outputs from the 
first output port TOUT T31K)1 and BBNT3A1 of the fint Gate Array. 



SIGNAL 



SIGNAL 



NAME 


INPUT 


NAME 


OUTPUT 


UNO 


DO 


TOUT0 


DO 


TTN1 


Dl 


TOUT1 


Dl 


HN2 


D2 


TOUT2 


D2 


HN3 


D3 


TOUT3 


D3 


TJN4 


D4 


T0UT4 


D4 


HN5 


D5 


TOUTS 


D5 


TTN6 


D6 


TOUT6 


D6 


HN7 


D7 


TOUT7 


D7 


TINS 


D8 


TOUTS 


TVQ 


TJN9 


TVQ 

Liar 


TOUT9 


no 


TIN 10 


U1U 


TTYtTTIft 
iUUliU 


mn 

XJiV 


TTW1 1 

Linn 


iiii 


TOUT11 


Dll 


TIN12 


D12 


TOUT 12 


D12 


UN13 


D13 


TOUT13 


D13 


TJN14 




TOUT14 




TJN15 


D15 


TOUT15 


D15 


HN16 


D16 


TOUT16 


D16 


TJN17 


D17 


TOUT17 


D17 


TTN18 


D18 


TOUT18 


D18 


TJN19 


D19 


TOUT19 


DL9 


TTN20 


D20 


TOUT20 


D20 


HN21 


D21 


TOUT21 


D21 


UN22 


D22 


TOUT22 


D22 


TTN23 


D23 


TOUT23 


D23 


UN24 


D24 


TOUT24 


D24 


HN25 


D25 


TOUT25 


D25 


HN26 


026 


TOUT26 


D26 


TTN27 


D27 


TOUT27 


D27 


TTN28 


D28 


TOUT28 


D28 


HN29 


D29 


TOUT29 


D29 


HN30 


D30 


TOUT30 


D30 


TIN31 


D31 


TOUT31 


D31 






BENO 


HEO# 






BEN1 


HB1# 






HEN2 


HE2# 






BEN3 


HE3* 



TABLE 2 



Inputs into the first input port TIN13130] and outputs from the 
first output port TOUT f31:01 and BENT3Q1 of the second Gate Array. 



SIGNAL 




SIGNAL 




NAME 


INPUT 


NAME 


OUTPUT 


UNO 


D32 


TOUT0 


D32 


TJN1 


D33 


TOUT1 


D33 


TJN2 


D34 


TOUT2 


D34 


UN3 


D35 


TOUT3 


D35 


TTN4 


D36 


TOUT4 


D36 


TINS 


D37 


TOUTS 


D37 


TJN6 


D38 


TOUT6 


D38 


TJN7 


D39 


TOUT7 


D39 


HN8 


D40 


TOUTS 


D40 


TJN9 


D41 


TOUT9 


D41 


TLN10 


D42 


TOUT10 


D42 


TJN11 


D43 


TOUT1I 


D43 


TJN12 


D44 


TOUT12 


D44 


TIN13 


D45 


TOUT13 


D45 


HN14 


D4o 


TOUT14 


D46 


TIN15 


D47 


TOUT15 


D47 


TLN16 


D48 


TOUT! 6 


D48 


TIN17 


D49 


TOUT17 


D49 


TLN18 


D50 


TOUT18 


D50 


TIN19 


D51 


TOUT19 


D51 


HN20 


D52 


TOUT20 


D52 


TJN21 


D53 


TOUT21 


D53 


TJN22 


D54 


TOUT22 


D54 


TJN23 


. D55 


TOUT23 


D55 
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TABLE 2 -continued 



TABLE 4-contimied 



Inputs into the first input part TlNpljO] and outputs from the 



SIGNAL 




SIGNAL 




NAME 


INPUT 


NAME 


OUTPUT 


UN24 


D56 


TOUT24 


D56 


HN25 


057 


TOUTO 


D57 


TTN26 


D58 


TOUT26 


D58 


TTN27 


D59 


TOUT27 


059 


TIN28 


D60 


TOUT28 


D60 


HN29 


D61 


TOUT29 


D61 


HN30 


D62 


TOUT30 


D62 


TTN31 


D63 


T0UI31 


D63 






BENO 


BE4# 






BEN1 


BBS* 






BEN2 


BB6§ 






BEN3 


BB7* 



Inputs into fist D3pol post TDSTJ31*0J cod octjiois fr^^r^ the 
first output port TOUT 131^)1 and BENT3.-Q1 of the fourth Gate Array. 



TABLE 3 



Inputs into the first input port TTN[31:OJ and outputs from the 
first output port TOUT f31K31 and EENT3:01 of the third Gate Array. 



SIGNAL 



SIGNAL 



NAME 


INPUT 


NAME 


OUTPUT 


•TWO 




TOUTO 


AO 


TTN1 




TOUTl 


Al 


TTN2 




TOUT2 


A2 


TTN3 


A3 


T0UT3 


A3 


TTN4 


A4 


TDUT4 


A4 


TIN5 


A5 


TOUTS 


A5 


TTN6 


A6 


TOUTS 


A6 


T1N7 


A7 


TOUT7 


A7 


TINS 


AS 


TOUT8 


AS 


TO© 


A9 


TOUT9 


A9 


TOI10 


A10 


TOUTl 0 


AlO 


TTN11 


All 


TOUTll 


All 


UN12 


A12 


TOUTl 2 


A12 


TTN13 


A13 


TOUTl 3 


A13 


T1N14 


A14 


TOUT14 


A14 


TTN15 


A15 


TOUTl 5 


A15 


TIN16 


A16 


TOUTl 6 


A16 


TTN17 


A17 


TOUT17 


A17 


TTN18 


A18 


TOUTl 8 


A18 


HN19 


A19 


TOUT19 


A19 


HN20 


A20 


TOUT20 


A20 


UN21 


A21 


TOUT21 


A21 


T1N22 


A22 


TOUT22 


A22 


HN23 


A23 


TOUT23 


A23 


TTN24 


BEO* 


TOUT24 


BEOS 


TTN25 


BB1# 


TOUT25 


BB1# 


TTN26 


BE2# 


TOUT26 


BE2* 


1TN27 


BB3# 


TOUT27 


BB3# 


TTN28 


EE4# 


TOUT28 


BE4# 


TTN29 


BE5# 


TOUT29 


BE5# 


TTN30 


BE6# 


TOUT30 


BE6# 


TIN31 


BE7# 


TOUT31 


BB7# 






BENO 


AHD 






BEN1 


AHl 






BEN2 


AH2 






HEN3 
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30 
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TABLE 4 



Inputs into the first input port TTN[3l30] and outputs from the 
first output port TOUT f 31:01 and BENT301 of the fourth Gate Array. 



SIGNAL 
NAME 



INPUT 



SIGNAL 
NAME 



OUTPUT 



UNO 
UNI 



A24 
A25 



TOUTO 
TOUTl 



A24 
A25 



40 



45 



50 



55 



60 



65 



SIGNAL 




SIGNAL 




NAME 


INPUT 


NAME 


OUTPUT 


UN2 


A26 


TOUTl 


A26 


UN3 


A27 


TOUT3 


A27 


UN4 


A28 


TOUT4 


A28 


UN5 


A29 


TOUTS 


A29 


HN6 


A30 


TOUT6 


A30 


hn7 


A31 


TOUT7 


A31 


TTN8 




TOUTS 




HN9 




TOUT9 




TDJin 
univ 




Touno 




UN11 








hni2 


A2QM* 


TOUT12 


A2QM# 


hni3 


FLUSH* 


TOUTl 3 


FLUSH* 


HN14 


INTR 


TOUTl 4 


INTR 


TIN15 


LOCK* 


TOUT15 


LOCK? 


TLN16 


SMtf 


TOUTl 6 


SMW 


HN17 


AMIACT* 


TOUT17 


SMIACT* 


HN18 


PCD 


TOUT18 


PCD 


HN19 


SCYC 


TOUT19 


SCYC 


TTN20 


NMI 


TOUT20 


NMI 


HN21 


pwr 


TOUT21 


PWT 


HN22 


AP 


TOUT22 


AP 


UN23 


EWBE# 


T0UT23 


EWBE# 


UN24 


BREQ 


TOUT24 


BREQ 


UN25 


FERR# 


TOUT25 


FERR# 


UN26 


FRCMC* 


TOUT26 


FRCMC* 


UN27 


IBRR* 


TOUT27 


IERR# 


TTN28 


IGNNE* 


TOUT28 


IGNNE# 


TEN29 


INV 


TOUT29 


INV 


HN30 


HTT# 


TOUT30 


hhw 


HN31 


HOLD 


TOUT31 


HOLD 






BENO 
BEN1 








BEN2 








BEN3 





TABLB5 



Inputs into the first input port TIN [3 IK)] and outputs from the 
first ontpot port TOUT f 31:01 and BENT3:01 of the fifth Gate Array. 



SIGNAL 




SIGNAL 




NAME 


INPUT 


NAME 


OUTPUT 


UNO* 


NA# 


TOUTO 


NA# 


UNI 


CRDY# 


TOUTl 


CRDY# 


UN2* 


ADS# 


TOUT2 


ADS# 


UN3* 


BRDY* 


TOUT3 


BRDY# 


UN4* 


KEN# 


TOUT4 


KEN# 


UN5* 


CACHE* 


TOUTS 


CACHE* 


UN6* 


HTTM# 


TOUT6 


HUM* 


UN7» 


HLDA 


TOUT7 


HLDA 


TINS* 


BGFF# 


TOUTS 


BOFF* 


HN9* 


AHOLD 


TOUT9 


AHOLD 


TIN10* 


D/C# 


TOUT10 


D/C* 


TTN11* 


W/R# 


TOUTll 


W/R* 


UN12* 


MflO* 


TOUT12 


M/IO* 


TTN13 




TOUTl 3 


ICO 


TIN14 




TOUT14 


IC1 


TIN15 




TOUTl 5 


IC2 


UN16 


INTT 


TOUT16 


DOT 


TIN17* 


RESET 


TOUT17 


RESET 


TIN18* 


B3T 


TOUTl 8 


B3T 


UN19* 


IV 


TOUT19 


IV 


UN20* 


IU 


TOUT20 


IU 


UN21* 


BADS* 


TOUT21 


BADS* 


UN22 


BP3 


TOUT22 


BP3 


TIN23 


BP2 


TOUT23 


BP2 


HN24 


BP1 


TOUT74 


BP1 


UN25 


BP0 


TOUT25 


BPO 


HN26 


WB/WT* 


TOUT26 


WBAVT* 
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TABLE 5-continued 
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-continued 



Inputs into the first input part HN[3 LO] and outputs from the 
first output port TOUT f31r01 and BENDfll of the fifth Gate Amy. 



Symbol 



Type* Name and Function 



BRDY# 



SIGNAL 
NAME 


INPUT 


SKJNAL 
NAME 


OUTPUT 


TJN27 




TOUT27 


PIPE 


TIN28 




TOUT28 


TVB 


TINS 




TOUT29 


TVA 


HN30 




TOUT30 


TVD 


TJN31 




TOUT31 


SNOOP 






BEND 


ICE MODE 






BEN1 


BESET OUT 






BEN2 


DOT OUT 






BEN3 


VTP# 



CACHES 
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Type* Name and Function 



D/C# 



A20M# I When the address bit 20 mask pin is asserted, the 

Pen tiu m ™ CPU emulates the a dd ress wrapar ound 
at one Mbyte which occurs on the 8086. When 
A2QM* is asserted, the Pentium ™ CPU masks 25 
physical address bit 20 (A20) before performing a D63-DO 
lookup to the infernal caches or driving a memory 
cycle os the bus. The effect of A20M# is 
undefined in protected mode. A2QM# nrust be 
asserted only when the CPU is in real mode. 

A31-A3 VQ As outputs, the address lines of the CPU along 30 

with the byte enables define the physical area of BADS# 
memory or I/O accessed. The external system 
drives the inquire address to the CPU an 
A31^A5. 

ADS# O The address status indicates that a new valid bus 

cycle is currently being driven by the Pentium ™ 35 
CPU. 

AHOLD I m response to the assertion of address hold, the 

Pentium ™ CPU will stop driving the address 
lines (A31-A3), and AP in the next clock. The 
rest of the bus will remain active so data can be 
returned or driven for previously issued bus 
cycles. 

AP I/O Address parity is driven by the Pentium ™ CPU 

with even parity information on all Pentium 
CPU generated cycles in the same clock that the 
address is driven. Even parity must be driven 
back to the Pc^fl mm CPU" ^*r*r\ g moune 
cycles on this pin in the same clock as EADS# to 
ensure mat the correct parity chec k status is 
in d ic ated by the Pentium ™ CPU. 

BE7#-BE0# O The byte enable pins are used to determine which 
bytes must be written to eiternal memory, or 
which bytes were requested by the CPU for the 
current cycle. The byte enables are driven in 
the same dock as the address lines (A3 1-3). 

B0FF# I The backoff input is used to abort all outstanding 

bus cycles that have sot yet completed. Is FRCMC# 

response to BQFF#, the Pentium ™ CPU will 

float all piss normally floated during bus hold m 

the next dock. The CPU remains in bus hold 55 

unto BOFF# is negated at which time the 

Pentium 1 " CPU restarts the aborted bus cycles) 

in then entirely. 

BP[3:2] O The breakpoint pins (BP3-0) externally indicate a 
PM/BPf 1 :0] breakpomt match when the debug registers 

(DR.3—0) are programmed to test for breakpomt 

rrp tc h f^ 

BP1 and BPO are multiplexed with the 

The PBl and PBO bits in the Debug Mode 
Control Register determine if the pins are 
configured as breakpoint or pcrfbnn ancc 
mfinifo fing pin* J \ tie pi ny 003 1 lft out of rf-^rff t 
configured for pcrfbs naiw y ^^t ntpru^^. 



FERR# 



45 FLUSH* 



50 



I The burst ready mpui mdacates mat the external 

fryxt^ p has pres s nted valid data oo the pms 
m response tn a read or that the external system 
has a cce p ted the Pentium™ CPU data in 
response to a write request. 

O The bus request cjtttost i nd i ca te s to the external 
sy stem that the Pentium ™ CPU has internally 
generated a bus request This signal is always 
driven whether or not the Pentium™ CPU is 
driving its bus. 

0 For Pentium ™ CPU-initiated cycles the cache 
pin TTK lfr***** i nt e r na l cacheability of the cycle 
(if a read), and mdiram a burst writeback cycle 
(if a write). If this pin is driven inactive during 
a read cycle, Pentium™ CPU will not cache 
thft returned d 8 tfl r r r tft?? ? of the state of tfac 
KEN# pin- This pan is also used to determine 
cycle length (number of transfers in the cycle)* 

1 Xbe clocit ff^jwtt provides the fiflzdamental h^m^ 
for the Pentium ™ CPU. Its frequency is the 
internal opera in ^ ^ frotjueocy of the ftr n ttiTn 
CPU and requires TTL levels. 

0 The Data/Code output is one of the primary bus 
cycle definition pins. It is driven valid is the 
same clock as the ADS* signal is asserted. D/Ct 
distinguishes between data and code or special 
cycles. 

I/O These are the 64 data lines for the CPU. 

lines D7-D0 define the least significant byte of 
the data bus; lines D63-D56 define the most 
significant byte of the data bus. During reads, the 
CPU samples the data bus when BRDY* is 
returned. 

1 The signal indicates mat a valid external address 
has bees driven ^i^fov die Penti^ik CPU 
address pins to be used for an inquire cycle. 

I The external write buffer empty input, when 

active (high), indicates that a write cycle is 
pending rn the external system* ^rVhen the 
Pentium ™ CPU generates a write, and EWBE# 
is sampled inactive, the Pentium™ CPU will 
hold off all subsequent writes to all Exclusive or 
Modified state lines in the data cache until all 
write cycles have completed, as indicated by 
EWBE# being active. 

0 The floating point error pin is driven active when 
an unmasked floating point error occurs. PERR# 
is similar to the ERROR* pin on the Intel 386™ 
math coCPU. FERR# is included for 
compatibility with systems using DOS type 
floahsg pomt ^-rrvT reporting. 

1 When asserted, the cache flush input forces the 
Pentium™ CPU to writeback all mnd rf yrt lines 
in the data cache and invalidate its internal 
caches. A Flush Acknowledge special cycle will 
be generated by the Pentium ™ CPU indicating 
completion of the writeback and invalidation. 
If FLUSH* is sampled tow when RESET 
transitions from high to low, Instate test 
mods is ^*ift^^ftd i 

I The Functional Redundancy Checking Master/ 

Checker mode input is used to determine whether 
the Pentium™ CPU is configured in m^gf r r 
mode or checker mode. When configured as a 
master, the Pentium ™ CPU drives its output 
pins as required by (he bus protocol. When 
configured as a checker, the Pentium™ CPU 
instates when outputs and samples the output 
pins. 

The ranfigmaftHTi as a ma n f p . rf r h *r i px jj get after 

RESET and may not be changed other man by a 
subsequent RESET. 
O The hit mrficatirm is driven to reflect the 

outcome of an inquire cycle. If an inquire cycle 
hits a valid hne in cither the Pentium™ CPU 
data or instruction cache, this pis is asserted 
two clocks after EADSt is sampled asserted. 
If the inquire cycle misses Pentium ™ CPU 
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Type* Name and Function 



HUMi 0 



HLDA O 



HOLD I 



IBT O 



IERR# 0 



IGNNE# I 



intt i 



Pentium ™ CPU will recognize HOLD during 
reset. 

Hie instruction branch taken pin is driven active 
(high) for one clock to indicate that a branch 
was taken. This output b always driven by the 
Penmen™ CPU. 

He internal error pm is ^wrf to rnrfyatr two 
types of errors, internal parity errors and 
ftfflgtinnni redundancy errors. If a parity error 
occu rs on a read from an internal array, the 
Pentium™ CPU will assert the IERR3 pin 
for one clock anH then shutdown. If the 
Pentium™ CPU is configured as a checker 
and a mismatch occurs between the value 

c omp u t e d internally , the P e n t i um ™ CPU will 
assert KRR# two clocks after the rrrismatched 
value is returned 

Tins is tfao nun^ r^p, ctroy mjmt. *Xlod pm 
has no effect when the NB bit in CRO is set to 1. 
When the CRO.NE bit is 0, and the IGNNE# pin 
is asserted^ the Pentium™ CPU will ignore 
any p^^w^g mnmked numer ic eo t c ap tion and 
I floating point i 



fisr rtw ^Qtlx^ duntioo flttt this pin is i 
When the CRONE bit is 0, IGNNE# is not 
Asserted^ ft pcttdifl£ nmmfilcffd ^^i^^n c fflc c ftpt ff^n 
exists (SWES = IX and the floating point 
instruction a one of FINir, FCTKX, FSTENV, 
FSAVE, FSTSW, FSTCW, FENL FDISI, or 
FSETPM, the Pentium™ CPU will execute 
rtt rnstructjon m ffpifr of the p^ n di r^fl exception. 
When the CRONE bit is 0, IGNEE# is not 
asserted, a f iy^*^ unmasked imrnwre exception 
ousts (SWJBS - 1), and the floating point 
instruction is one other than RNIT, FCLEX, 
FSTENV, FSAVE, FSTSW, FSTCW, FENI, 
FDISI, or FSEIFM, the Pentium ™ CPU 
will stop execntaop and wart for an external 



cache, this pin is negated two clocks after 
EADS#. This pin ch a nge* its value only as a 
result of an inquire cycle and retains its value 
between the cycles. 

The hrl to a modified output is driven to 
re fle ct the outcome of an inquire cycle. It is 
asserted after inquire cycles which resulted in a 
hit to a modified tine in the data ca c he. It b used 
to irjhjfait am tffacr bos master ftom acce ^^^g the 
data ^mt'l tho lfn# |5 completely written K?**k 
The bus hold acknowledge pin goes active in 
response to a hold request driven to the CPU 
on die HOLD pin. It indicates that the 
Pe dum! CPU fafls fiostod OBQst of tizo 
ou^ot ^m** sod T^ ^n y^ p* 1 ^*^^ tH^ bus to soother 
local bus master. When leaving bus hold, HLDA 
will be driven inactive and the Pentium™ CPU 
wiQ resume driving the bus. If the Pentium ™ 
CPU has bus cycle pending, it will be driven in 
the same clock that HLDA is reasserted 
In response to the bus hold request, the 
Pentium™ CPU will float most of its 
output and mput/ontput pins and assert HLDA 

ftft^r ( m l^lyfffl^ qU fi ^itftfawin^ tos Cycles* 
1 tlft ^ftr^f into Of CPU WlU XDHflXtfUfl itS ^QS 

in this state until HOLD is deasserted. HOLD is 
t recognized crnring LOCK cycles. The 



5 INTR 



mv 



10 



IU 



15 



IV 



20 



KEN# 



LOCKS 



30 



35 



M/IO# 



NA# 



45 NMI 
PCD 

50 

PWT 

55 



The t^F.n||ii|n tm CP^J initialization input pm 
forces the Pentium™ CPU to begin 
execution in a known state. The CPU state 
after INTT is the same as the state afte r BESET 
except that (he internal caches, write buggers, 
and floating pmt registers retain the values 
they had prior to INTT. INTT may NOT be used in 
Ecu of RESET after power-up. 
D INTT is «atmp lwH high when RESET t 
from high to low, the Pentium ™ CPU will 
perform built-in self test prior to the start 
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Type* Name and Fun c ti on 



I 

O 



of program execution. 

An active maskable in te rrupt i pf^ inrf^Mfy^ mat 



U^TR must remain active until first interrupt 
acknowledge cycle is fff -nr 8 8tod to br ^t tt mat 
Interrupt is recognized. 

"in ^ foy^hdahnp rjpd detei n u ne s ^bc ^^^^ cache 
line state (S or I) in case of an inquire cycle hit. 
It is sampled together with (he address for the 
inquire cycle in the clock RADS# is sampled 
active. 

"irff u^prpc *^^^^ rtff o onmplcte output is 
driven active (high) for 1 clock to mriirum that 
an instruction m the u^pipehne has coni^Vrtpd 
execution. This pin is always driven by the 
Pentium™ CPU. 

The v-pipc mstnieDBP conn^ V^ output is 
<^rr*^n active (high) tor one dock Go *w<4t<»an » that 
an instuKrttfyn m the v-pipclmc has completed 
execution. This pin is always driven by the 
Pentium™ CPU. 

The furhf ena bl e pin is used to d etjcturin e 
whether the current cycle b cacheahie or not and 
is consequently used to determine cycle length. 
When the Pentium™ CPU generates a cycle 
that can be r°**h^ (CACHE# asserted) and 
KEN# is active, the cycle will be transformed 
• into a burst fans fill cycle. 

bus cycle is locked. The Pentium ™ CPU 
will not allow a bus hold when LOCK# is 
asserted (but AHOLD and BGFF# are allowed). 
LOCK# goes active in the first clock of the first 
locked bus cycle and goes inactive after the 
BRDY# is returned to the last locked bus 
cycle. LOCK# is guaranteed to be deasserted 
for at least one clock between back to back 

The Memory/Input-Output is one of the primary 
bus cycle definition pins. It is driven valid 
in the same dock as die ADS# signal is asserted. 
hi/109 distinguishes between memory and VO 
cycles. 

An active next address input indicates that 
the c i tenia! memory system is ready to accept 
a new bus cycle although all data transfers for 
the current cycle have not yet completed. The 
Pentium ™ CPU will drive out a pending 
cycle two clocks after NA# is asserted. 
The Pentium™ CPU s upp o r t s up to 2 
outstanding bus cycles. 

h38 b ftpr i gffn^ra f ed ■ 

The page cache disable pin reflects the state 

of the PCD bit in CR3, the Page Directory Entry, 

or the Page Table Entry. The purpose of PCD is 

to provide an external cacfacabtfiry mdtca tton 

on a page by page basis. 

The page write through pin reflects the state 

of the PWT bit in CR3, the Page Directory Entry, 

or the Page Table Entry. The PWT pin is used 

to provide an e x te rn a l writeback indicati on on a 

page by page basis. 

Reset forces the Pentium ™ CPU to begin 
execution at a known state. All the Pentium™ 
CPU internal ca dres will be invalidated upon the 
RESET. Modified hnes in the data cache are not 
written back. 

FLUSH#, FRCMCff and DOT are sampled when 
RESET I m Ti^tf frntn fot^fo to low to dc f f- n I i t^^ 
i f tristate test mode or checker mode will be 
entered, or if BIST wifl to run. 
The split cycle output is asserted during 
misaligned TjO^ iiivrd tta n s fl sta to mdicate ^^^^ 
maze than two cycles will be locked together. 
This signal b defined for cTncbrri cycles only, ft 
is undefined for cycles winch axe not locked. 
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Symbol Type* Name and Func tion 



The System ^^sna^p nyp ^ Tf*t^rr \ipfr causes 8 
system tu amg e m em interrupt request to be 
ht ched mtezsally. When the l a tc he d SMB is 
recognized an an instruction boundary, the CPU 
^ntf ffr System < > i^^* 1 ih it JAode. 
An active system T na n?fl^ rrtfn * interrupt active 
output indicates thai the CPU is operating in 
System Mana g ement Mode (SMM). 
Write/Read is one of me primary bus cycle 

clock as the ADS# signal is asserted. W/R# 
^<ttt^ging^q between write and read cycles. 
The wrueback/wntethrougb input allows a data 
cache tine to be defined as write back or write 
through on a line by fine basis. As a result, 
it determines whether a c ach e line is initially in 
the S or E state in the data cache. 



SMIAT* 



W7R# 



WB/WT# 



10 



15 



20 



30 



What is claimed is: 

1. A circuit for testing an electronic component by trans- 
ferring inform ation placed on a bus by the electronic com- 
ponent to an ICE™ base unit, the circuit comprising: 

a bus tracking component coupled to at least the bus, said 
bus tracking component monitoring a first plurality of 
information signals propagating through the bus and 25 
generating a second plurality of information signals; 

a multiplexer coupled to said bus and said bus tracking 
component, said multiplexer receiving said second 
plurality of information signals and a third plurality of 
information signals; and 

a formatting component coupled to at least said 
multiplexer, said formatting component retaining the 
information including one of said second and third 
plurality of information signals output by said multi- 
plexer until a particular bus cycle associated with the 35 
information has completed, re-formatting and transfer- 
ring at least the information into the ICE™ base unit 

2. The circuit according to claim 1, wherein said bus 
tracking component includes a plurality of state machines 
including a first state machine that signals said formatting 40 
component that a snoop cycle has occurred on the bus. 

3. The circuit according to claim 2, wherein said bus 
tracking component includes a second and third state 
machine operating in the alternative to monitor said first 
plurality of information signals transmitted onto said bus. 

4. The circuit according to claim 1, wherein said format- 
ting component includes a holding element and a formatting 
controller. 

5. The circuit according to claim 1, wherein said holding 
element temporarily contains said information until signaled 
by said formatting controller to transfer said information. 

6. The circuit according to claim 1 further comprises a 
filtering circuitry coupled at least to said bus tracking 
component, said filtering circuitry asserting a valid trace 
frame signal upon detecting that a current cycle is permitted 
to be traced by said ICE™ base unit, said asserted valid trace 
frame signal informs said ICE™ base unit to trace a frame 
associated with said current cycle. 



45 



50 



55 



7. The circuit according to claim 6, wherein said filtering 
circuitry includes a bus type filter that activates a first signal 
line upon detection that said current cycle is a bus cycle 
permitted to be traced by said ICE™ base unit and a force 
filter that activates a second signal line upon detecting that 
said current cycle is a non-bus cycle permitted to be traced 
by said ICE™ base unit said valid trace frame signal is 
activated if at least one of said first and second signal lines 
is activated. 

8. The circuit according to claim 1 further comprises an 
address translation circuitry to calculate address information 
required by the ICE™ base unit, said address translation 
circuitry includes 

a first translator which calculates an upper boundary 
condition in order to obtain a highest byte address 
currently on the bus for use by said ICE™ base unit; 
and 

second translator which calculates a lower boundary 
condition in order to obtain a lowest byte address 
currently on the bus for use by said ICE™ base unit 

9. A circuit for testing an electronic component by trans- 
ferring information placed onto a bus by the electronic 
component to an ICE™ base unit the circuit comprising: 

a first translator which calculates an upper boundary 
condition in order to obtain a highest byte address 
currently on the bus for use by said ICE™ base unit; 

second translator which calculates a lower boundary 
condition in order to obtain a lowest byte address 
currently on the bus for use by said ICE™ base unit; 

a bus tracking component coupled to the bus; and 

filtering circuitry coupled at least to said bus tracking 
component, said filtering circuitry asserts a valid trace 
frame signal upon detecting that a current cycle is a 
cycle permitted to be traced by said ICE™ base unit, 
said asserted valid trace frame signal informs said 
ICE™ base unit to trace a frame associated with said 
current cycle. 

10. The circuit according to claim 9 wherein said bus 
tracking component monitoring a first plurality of informa- 
tion signals propagating through the bus and generating a 
second plurality of information signals. 

11. The circuit according to claim 10 further comprising: 
a multiplexer coupled to said bus and said bus tracking 

component said multiplexer receiving said second 
plurality of information signals and a third plurality of 
information signals, said multiplexer outputting one of 
said second and third plurality of information signals 
into a formatting component; and 
said formatting component coupled to at least said 
multiplexer, said formatting component retaining the 
information until a particular bus cycle associated with 
the information has completed, re-fonnatting at least 
the information and transferring at least the information 
into the ICE™ base unit 



WEST 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 5,657,442 

DATED = August 12, 1997 

INVENTOR(S) : Andrew Groyes 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 

In column 8 at line 28 delete "form 0 and insert -from- 



Atttst: 



Attesting Officer 



Signed and Sealed this 
Twentieth Day of January, 1998 

BRUCE LEHMAN 
Commission* t of Patents and Trademarks 



WEST 



